ABSTRACT
Introduction
The most common nutritional deficiencies now affecting all ages involve iron and calcium [1] . In recent years, Ca-enriched foods have come to be a habitual part of daily diet [2] . On the other hand, Fe deficiency is the most common nutritional disorder worldwide, affecting people of all ages in the both industrialized and developi93ng countries [3] . Nutritional Fe deficiency arises when physiological requirement cannot be met by Fe absorption from the diet. The efficiency of iron absorption depends on the both bioavailability of dietary iron and iron status. Iron absorption is influenced by many factors. Body need, vitamin C, protein and carbohydrate intakes enhance absorption [4, 5] . On the other side, binding agents such as phytate, oxalate and phosphate, dietary fiber, calcium, coffee, tea and gastrointestinal diseases inhabit iron absorption [6] [7] [8] .
Several studies with animals have clearly shown that Ca interferes with dietary absorption of Fe and that addition of Ca to the diet may even induce Fe deficiency [9] . Increased Ca supplementation may have an adverse effect on the metabolism of some micronutrients such as iron and zinc [10] .
Thyme is source of protein and iron [11] . The iron content in dry thyme leaves was 117.2 mg/100g dry matter [12] . It is increasingly recognized that simultaneous provision of iron, calcium, phosphorous in supplements may decrease benefit of one or three. These complex micronutrient interactions and their implications for nutritional interventions are incompletely understood. The absorption and bioavailability of nonheme iron have not been adequately studied. Therefore, the objectives of this study were to use the dry thyme leaves as source of nonheme iron and evaluate the effects of calcium, phosphorus and calcium + phosphorus on nonhaeme iron absorption and haematogenic characteristics in rats.
Materials and Methods
Dry thyme leaves used in this study was purchased from Shibin El-Kom, Egypt. The thyme leaves were ground, sieved and stored at -4°C until use. Calcium carbonate, calcium phosphate and sodium phosphate mono hydrogen were obtained from Gomhouria Company, Cairo, Egypt.
Experimental Design
Thirty adult male albino rats, Sprague drawly strain, weighing 150 ± 5 g were purchased from Helwan farm. The rats were housed individually in cage and fed basal diet for one week for adaptation. The basal diet consisted of 100 g/kg corn oil; 126.3 g/kg casein; 40 g/kg mineral mixture, USP XIV; 10 g/kg vitamin mixture; 3 g/kg DL-methionine and 2 g/kg choline chloride and 50 g/kg fiber and corn starch 668.7 g/kg [13] .
At the beginning of experiment, A 5 ml blood sample were taken to determine hemoglobin, haematocrit serum iron, serum ferritin, red blood cell, and total iron-binding capacity. As the data obtained basis, the rats were divided into five groups, 6 rats per group. The first (control group) fed basal diet, the second group fed thyme diet (21 g dry thyme leaves/kg basal diet), the third group fed thyme diet + double amount of the recommended dietary allowance of Ca (10 g/kg diet) from CaCO 3 , the fourth group fed thyme diet + double amount of the recommended dietary allowance of P (8 g/kg diet) from sodium phosphate mono hydrogen (Na H PO 4 ) and the fifth group fed thyme diet + double amount of the recommended dietary allowance of Ca and P from calcium phosphate (Ca PO 4 ) as described by [14] . Feed intake was recorded daily. Faces were collected of each animal daily. Body weight was recorded at the beginning and at the end of experimental period. At the end of experimental period (6 weeks), the rats fasted overnight and were anaesthetized. Blood sample were collected and aliquots were analyzed to measure the hematological parameters. The remaining blood was centrifuged to obtain serum for determination serum iron, serum ferritin and total iron binding capacity.
Analytical Methods
Total nitrogen content, crude fiber, fat, moisture, and ash were determined according to [15] . The carbohydrate was calculated by difference. The concentration of Fe in the diets and faces were determined by atomic absorption spectrophotometer (Perkin Elmer 1100B, Norwalk, and Ct, USA). Hemoglobin (Hb) red blood cell (RBC) and haematocrit (Ht) in heparinized blood samples were measured using automated hematology analyzer (Sysmex, Kobe, Japan). Total iron-binding capacity (TIBC), serum iron and serum ferritin levels were determined calorimetrically and enzymatically, using sigma diagnostics iron, ferritin and TIBC reagents, (sigma diagnostics, st. Louis, MI, USA). Transferrin saturation (%) was calculated using the following equation: Transferring saturation (%) = (Serum iron concentration ÷ TIBC) × 100. Mean corpuscular volume was calculated as described by [16] using the following equation:
Statistical Analysis
The experimental data were subjected to an analysis of variance (ANOVA) for a completely randomized design using a statistical analysis system [17] . Duncan's multiple range tests were used to determine the differences among means at the level of 95%.
Result and Discussion
The proximate chemical composition and iron content of dry thyme leaves were presented in Table 1 . Data showed that the protein (20.5%), carbohydrate (45.2%), fiber (12.6%) and iron content (122.7 mg/g dry matter) were high in dry thyme while moisture (4.95%) and fat (4.6%) were low. These results are agreement with [12] who reported that the dry thyme was high content in protein (18.9g/100 dry matter), carbohydrate (49.6g/100g), fiber (15g/100g dry matter) and iron (117.2mg/100 dry matter) but low in moisture and fat. Data in Table 2 showed that rats fed basal diet had the lowest (P ≤ 0.05) iron diet and iron intake as compared to rats fed thyme diet and thyme diet supplemented with minerals. There was no significantly (P > 0.05) difference in Fe intake between rats fed thyme diet and rats fed thyme diet supplemented with minerals. Rats fed basal diet had lower (P ≤ 0.05) Fe feces and higher Fe absorption than those fed thyme diet and thyme diet supplemented with minerals. The lowest Fe absorption was observed in rats fed the thyme diet + calcium and thyme diet + calcium + phosphorus. Although the Fe intake was lower (P ≤ 0.05) in rats fed basal diet than those fed thyme diet and thyme diet supplemented with minerals, the Fe absorption was the highest (P ≤ 0.05). This is due to the low Fe fecal excretion in rats fed basal diet and polyphenol compound in thyme diet which had adverse effect on Fe absorption. These results are agreement with those reported by [18, 19] they reported that polyphenols inhibited the absorption of nonheme iron. As suggested by [20] the percentage of iron absorbed decreases as iron intake increases. Similar results were reported by [21] who found in humans that those fed bread fortified with increasing amounts of iron (1, 3 and 5 mg) had lower percentages of iron absorbed, but their absolute absorption increased in response to increasing iron intakes. Fe absorption was lower (P ≤ 0.05) in rats fed thyme diet + calcium and thyme diet + calcium + phosphorus than those fed thyme diet and thyme diet + phosphorus. This may be due to the losses of Fe in feces and the presence of calcium or and phosphorus in the diet which inhibit nonhaeme iron absorption. Similar results were reported by [22, 23] . However these results were differed from those reported by [2, 24] they found that feeding rats high calcium diet for two weeks do not inhibit iron absorption.
Effect of calcium and phosphorous on the hemoglobin (Hb), haematocrit (Ht), red blood cell (RBC) and mean corpuscular volume(MCV) in rat fed basal diet, thyme diet and thyme diet supplemented with minerals are shown in Table 3 . There was no significant (P > 0.05) change in Hb between rats fed basal diet. However, Hb was significantly (P ≤ 0.05) affected in rats fed thyme diet, thyme diet supplemented with calcium, thyme diet supplemented with phosphorus and thyme diet supplemented with calcium + phosphorus. Hemoglobin was significantly (P ≤ 0.05) increased in rats fed thyme diet and thyme diet supplemented with phosphorus. However, hemoglobin was significantly (P ≤ 0.05) decreased in rats fed thyme diet supplemented with calcium and thyme diet supplemented with calcium + phosphorus.
Haematocrit and red blood cell did not significantly (P ≤ 0.05) affect in rats fed basal diet, thyme diet and thyme diet supplemented with phosphorus. However, haematocrit and red blood cell were significantly (P ≤ 0.05) decreased in rats fed thyme diet supplemented with calcium and thyme diet supplemented with calcium + phosphorus.
Mean corpuscular volume was significantly (P ≤ 0.05) decreased in rats fed basal diet and thyme diet. Mean corpuscular volume was significantly (P ≤ 0.05) increased in rats fed thyme diet supplemented with calcium. However, mean corpuscular volume did not significantly (P ≤ 0.05) affect in rats fed thyme diet supplemented with phosphorus and thyme diet supplemented with calcium + phosphorus.
These data indicated that supplementation the diet with calcium decreased the values of Hb, Ht and RBC. Supplementation the diet with phosphorus did not affect in Ht, RBC and MCV but Hb increased. However, supplementation the diet with calcium + phosphorus decreased the values of Hb, Ht and RBC but MCV did not affect. Increased Fe intake response with increment of Hb concentration [25] . Hemoglobin concentration was negative- ly and significantly correlated with the intake of calcium [26] . Calcium supplementation reduced heme and total iron without significantly affecting nonheme-iron absorption [23] . The effect of calcium and phosphorus on the serum iron (SI), serum ferritin (SF), total iron binding capacity (TIBC) and transferrin saturation (TS) in rat fed basal diet, thyme diet and thyme diet supplemented with minerals are shown in Table 4 . Serum iron, serum ferritin and transferrin saturation did not significantly (P ≤ 0.05) affect in rats fed basal diet. Serum iron, serum ferritin and transferrin saturation were significantly (P ≤ 0.05) increased in rats fed thyme diet and thyme diet supplemented with phosphorus. However, SI, SF and TS were significantly (P ≤ 0.05) decreased in rats fed thyme diet supplemented with calcium and thyme diet supplemented with calcium + phosphorus. The improvement in SI, SF and TS for rats fed thyme diet and thyme diet + P may be due to low iron stores in these groups.
Similar results were obtained by [27] who reported that high calcium supplementation at doses 500 and 1000 mg/day for 3 months reduce serum ferritin concentration in women. In an extensive study in France (n = 1108), serum ferritin concentration was negatively and significantly correlated with the intake of calcium [26] . Similar findings were made in a study on French students (n = 476) [28] . Nonheme iron can enhance levels of serum iron and serum ferritin [29] .
Total iron binding capacity was significantly (P ≤ 0.05) decreased in rats fed thyme diet and thyme diet supplemented with phosphorus. Total iron binding capacity did not significantly (P ≤ 0.05) affect in rats fed basal diet and thyme diet supplemented with calcium + phosphorus. However, total iron binding capacity was significantly (P ≤ 0.05) increased in rats fed thyme diet supplemented with calcium.
The effect of calcium and phosphorus on the feed intake, body weight gain and feeding efficiency ratio in rat fed basal diet; thyme diet and thyme diet supplemented with minerals are shown in Table 5 . There were no significant (P > 0.05) changes in feed intake, body weight gain and feeding efficiency ratio among rats fed basal diet; thyme diet and thyme diet supplemented with calcium and thyme diet supplemented with calcium and phosphorus.
This finding was in agreement with [30] who reported that there no differences in food intake and body weight gain among groups fed flours supplemented with reduced and increased iron. From the above results, it could be concluded that supplementation the diets with calcium carbonate (as a source of Ca) and calcium phosphate (as a source of Ca + P) reduced the iron absorption in rats fed these diets, which must be continuous to have a long -term influence on serum ferritin, total iron binding capacity, transferrin saturation, hemoglobin, haematocrit, red blood cell and mean corpuscular volume.
